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INTRODUCTION

Interferons are a group of proteins that were originally
described as being produced in response to virus infections and
acting by making virgin cells refractory to virus infection-'<• T-- .
It has recently become apparent that interferons are much more com-

Splex than originally as describedý-ý . There are now several types

of interferons ')-. Alpha interferon is primarily produced by
e leukocytes in response to virus or double-stranded RNA-(polyriboino-

sinic-polyribocytidylic acid=poly I:C). Beta interferon is primar-
ily produced by fibroblasts in response to virus or poly I:C.
Therefore, unless purified, interferon produced by fibroblasts after
poly I:C challenge contains a minor alpha component and a major beta

component. Gamma (type II immune) interferon is produced as a
lymphokine as part of an immune response of lymphoid cells to anti-
gen or mitogen. Alpha and beta interferons appear to have some
structural and functional similarities but gamma interferon appears
to be a distinct entity_ý-

Interferons have also \een shown to have several additional
activities in addition to the originally described antiviral activ-
ity( 3 ' 4 ). These include regulation of cell growith and division,
regulation of immune responses, and cytotoxicity to tumors and tumor
cells( 3 ' 4 ). As a result of these activities, the use of interferons
in clinical anti-cancer trials is now being actively pursued(7).

Since interferons may be involved in defenses against tumors,
it was of interest to study the interactions between interferons

and carcinogens. Several workers had suggested that carcinogens
could inhibit the induction of interferon, while closely matched,
poor1y, or non-carcinogenic analogues had no effect on interferon
induction(8- 1 2 ). We began a survey of the effects of a wide
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variet of types of carcinogens and analogues on interferon induc-
tion( 1-20). Our results to date suggest a strong correlation
between carcinogenic potential of a chemical and the effects of
the chemical on interferon induction( 1 3 - 2 0 ).

MATERIALS AND METHODS

MOUSE EMBRYO FIBROBLAST CULTURES

.e C3H/He mice were originally obtained from Laboratory Supply,
Indian&polis, Indiana and then maintained and bred in our labora-
tory. Fifteen to 18 day-old embryos were surgically removed from
pregnant dams, and then trypsinized to single cells. The cells were
next suspended in Gibco (Grand Island, New York) minimal essential
medium with 10% fetal bovine serum. Second or third passage cultures
were used in all experiments and were plated in 25 cm2 plastic tis-
sue culture flasks. Cultures were immediately used after reaching
confluency( 1 3 - 1 9 ).

MOUSE SPLEEN CELL CULTURES

Female 6-8 week old Swiss/Webster mice were obtained from Labo-
ratory Supply Company, Indianapolis, Indiana. Cultures of 5 x 106
spleen cells were prepared in I ml of RPMI-1640 medium (Gibco, Grand
Island, New York) supplemented with 1% fetal bovine serum and 5 x
1O-SM 2-mercaptoethanol( 2 0 ).

CELL VIABILITY DETERMINATION

Cell viabilities were determined by trypan blue dye exclu-
sion(13-20).

PRODUCTION OF ALPHA/BETA INTERFERON

Alpha/Beta interferon was induced in mouse embryo fibroblast
cultures by stimulating with 50 ug of poly I:C for 60-90 minutes,
and then adding additional fresh tissue culture medium. In some
cases, Newcastle disease virus was the inducer. DEAE-dextran was
included to insure maximum interferon production. Tissue culture
supernatants were harvested at 24 hours and assayed for interferon
antiviral activity(13-t9).
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PRODUCTION O( GAMMA INTERPERON

Mollrt. spleen (or l 1(11t larel were st.imllla-ttd with :0.1 11 of p)hVt,)-

homnggl I t i n in-P and inv(ulht ted for 3 davs at 370(C i n . C02. C,'i I t tir,

superna tants wore thein harve-,ted and Fissavc'd for inttrtf'ron
~c t~* (20')

activity(0v

INTERFERON ASSAY

Antiviral titers were measured hv performing a plaque reduction
assay on mouse L-929 cells with the Indiana strain of vesicular sto-
matitis virus as the test virus( 2 1 ). The antiviral titer correspon-
ded to the reciprocal of the furthest diluition of test sample that
reduced virus plaques by 50%. In this assay, one interferon
antiviral unit is equivalent to 0.88 NTH G-002-904-511 reference
uni Cs.

STATISTICAL ANALYSIS

The data were analyzed by means of Student's t-test. P values
of <0.05 were required for statistical significance.

RESULTS

EFFECTS OF CHEMICALS ON ALPHA/BETA INTERFERON

Mouse embryo fibroblasts were pretreated with chemicals and
then challenged to induce alpha/beta interferon as described in the
protocol in Figure 1. Several pairs of different types of probable
carcinogens and poor or non-carcinogens were included. In all, cases
except two, henzidine and diethvlstilhestrol, carcinogen pretreat-
ment sivnificantlv decreased alpha/beta interferon production (Table
WI 1-19. ) Since the interferon assay is a titration, a statisti-
callv significant decrease of 50% or greater as compared to a
solvent-only control was required. Poor or non-carcinogens had no
effect on alpha/heta interferon induction (Table 1)(13-19). No
effect on viabilitv was observed after any of the chemical
treatments.
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PREPARE CELL CULTURES
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HARVEST SUPERNATANTS

PERFORM INTERFERON ASSkYS

Figure 1. Protocol for determination of the effects of carcinogens
on interferon induction.

EFFECTS OF CH9MICALS ON GAMMA INTERFERON

7,12-dimethvlrenz-(a) anthracene (DMBA) was added to spleen
cell cultures pricr to induction of gamma interferon. Gamma inter-
feron production was significantly Inhibited, hut in this case
viability was slightly reduced (dkta not shown) 2 0 ). When DMBA was
added to target L-929 cells together with exogenous gamma interfer-
on, no effect on the antiviral activity of the gamma interferon was
observed.
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TABLEI 1 I $-PI-~V*t8 OF (CAR(tN(X;IKNS AND) ANIA.)(;VWS (N~
( NTERV jI-1(N I NDUCTI(1F 'N

In vivoa vtrrect on minimal
Carc inogen Ic In totrf teron Ff e~g,cti V1.

Che~mI Ca I Poten t i atl Induc t ton- COnventrat i (in

6-Propriolacetonek h

Y -tutyrotacetone -r)2% 1100 UM

P',rene NS - -

Penzo-(a)-pyrene + !4 0.0! LIM

I-naphthvlamtne NS -
2-naphthvlamine + -5-) 100 pm~

Anthracene -? NS --
7,i2-dimethVlbenz (a)

anthracene + -86% 4 ujM
9.10-dimethylanthracene +? -.50% 100 UM

Chioroethanol NS --

Chloroacetic acid NS --

Chloroacetaldehyde + -.77% 0.005 Jim

Ethyl methanesulfonate -7 NS --
Methyl methanesulfonate + -91% 0.05 UM

1 *1, 1-Trichioroethane NS --
Chloroform + -54% 100 Um

Amorphous Nickel Sulfide -? NS --
Crystalline Nickel Sulfide 4.? -75% 2 pig/ml

3,3'-5.5'-totramethylbenzidine - NS -

Henzidine + NS --

2-aminofluorine + -81% 0.005 UM
Afiatoxin HI + -93% 0.05 UM
Number 4 traction tobacco

smoke condensate + 89% loxc
Sytrene oxide +? -90% 0.05 UM
2-methylqutnoline +? -79% 0.01 pjM
4-amtnobtphenvl + -73% 0.01 UM
Hydrazine sulfate + -72% 0.01 UM
Anil1ine-IICI + -75% 0.01 itM
Diethvlstilbestrol +? NS --
Isobutyl Nitrite +? 61% 0.01%
'111.311" (Recreational

tsohutylnitrtte) +? 62% 0.01%

Ascorbic Acid NS --

Glycine Y Leucine -?NS -
Glycine T Isoleucine -?NS -

aData from references 13, 14, and 22.
bNS - Not a significant decrease.

c Arbitrary laboratory concentrations.



DISCUSS ION

'Pr*t 1,,k t,1' ti "t i mbyU" I r("b1a1 ht WI th f VabrI itt t 1 carI-
C Lr!k'ge si o-il Itt j sI g njl f I cLit d, t lissi tm t , I 'LhtLhtU I t1to-reVrotl
tIdUt t 0L)n1 by x) Iy I: C )or Newc•ts L I't (I i S( ' vii Vi L"Lr') . ' Tr,-a twAen t
o)t the co I I s w I th poor ly or non-Cari n nogen Ic aL I S had !no
stgntl't")nt etft.,ct on interferon inductLon.

O)f the 34 chem ica ls testd, o;nly the following were, ,-xception S
Henzid Lne, a carcinogt.ci, had no vftfect on interterorn ilndti(Lion.
This may be due to twnsi't t c int activation of b-nzrid dine by thl, moust,
tembryo fIbroblasts( 13). DiethylsLilhestrol (DES) also had no effect
on Inte rferon induction. The lack of effect of DES may have been
due to the apparent unique mechanism of carcinogenic action of this
chemical. DES appears to act through an hormonal action and is not
usually mutagenic to bacteria( 17,23a.

Gamma Interferon Induction was also inhibited by carcino-
gens( 2 0 ). Since many different types of carcinogens apparently
affect the production of different types of interferons, it is pos-
sible that multiple mechanisms may have been involved. Viability of
the cell cultures was not dramatically affected and virus replica-
tion was not depressed by carcinogen-treatment(9). Therefore, it is
unlikely that carcinogen treatment resulted in a non-specific gen-
oral toxic shutdown of cellular metabolism. Other induced proteins
In addition to interferon may also be affected.

Since carcinogen treatment had no effect on preformed exogenous
interferon(20), it is unlikely thý.t the carcinogens were bound to
the Interferon inactivating it. Rather, it is likely the carcino-
gens affect,_d the actuaL interferon production mechanism. The
carcinogens may be binding to cellular nucleic acids, preventing the
production of tnLtrferon.

The r,-;sults of the present study suggest a high correlation
between carcinogenic potential of a chemical and suppression of
Interferon induction. After extensive further testing, inhibition
of Interferon induction may prove useful as part of a battery of
screening tests for carcinogenic potential of chemicals. This
system has the advantages of using fibroblasts, which may be primary
target cells for carcinoge(ns in vivo, and being relatively straight-
forward to interpret. As assays for Interferon improve with the
development of radLolmmune assays and enzyme linked-immunoassays,
inhibitlon of Interferon assays may be readily performed in a number
of Inhoratortes.
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